In this paper, we propose a Channel Management Algorithm at the Access Points (APs) of Wireless Local Area Network (WLAN) in order to maximize the efficiency of the network by managing users on different channels such that the overall throughput is maximized. We start with the channel assignment at the APs, which is based on minimizing the total interference between APs. Initially we assign the users at different APs on the basis of the users load. The solution developed in this paper uses a distributed algorithm by assigning non-overlapping channels and managing fixed and roaming users in network. One software agent manages all APs and is able to communicate with its neighbors in order to maximize channel utilization for global throughput. Proposed algorithm result shows efficient management of users on different APs thus increases the channel utilization in WLAN. It also improves the network performance and gives higher throughput.
INTRODUCTION
Channel assignment in IEEE 802.11 WLAN has received significant attention in the past few years [1] . The 802.11 wireless LAN operate in the unlicensed ISM frequency, and all access points share the same frequency. The increase in deployment of access points (APs) has led researchers to develop channel assignment algorithms in order to reduce co-channel and adjacent channel interferences from neighboring APs, which causes an overall throughput degradation of the network.
Efficient assignment of channels becomes necessary to avoid and minimize interference. Roaming is the ability of a user to seamlessly switch between access points while moving or for load balancing [7] purposes. The user should associate [8] with the access point with the strongest signal. To do this APs need to be on the same subnet (to avoid needing to acquire a new IP address) and have the same SSID and encryption keys [3] . The proposed algorithm is used for channel management in WLAN. The objective of proposed work is to manage the channels in order to maximize the channel utilization [9] , minimize the network traffic and to increase the network throughput by users load distribution. This results in a higher throughput and better performance of the network.
In this paper, we have presented algorithm which manages the network by assigning non-interfering channels to all APs and also provides the better channel utilization with roaming users. Firstly we have done the channel assignment that minimizes channel interference [2] between neighboring APs. In next step we manage the users on APs by applying our algorithm so that the network throughput increases. The result of our algorithm gives the better channel management and also increases the network throughput.
CHANNEL INTERFERENCE
In IEEE 802.11b/g WLAN, there exist 14 channels. Channels 1, 6 and 11 are non-overlapping [2] , as shown in Fig. 1 . Shows the 14 channels, only 11 are used in the US. Each channel spreads over 22 MHz due to the Direct Sequence Spread Spectrum (DSSS) technique employed by IEEE 802.11b/g. For instance, channel 1 range is from 2401GHz to 2.423GHz and its center frequency is 2.412 GHz [4] . The center frequency of two adjacent channels is separated by 5 MHz. Therefore, there is channel bandwidth overlap [6] . The interference-level factor wjk is defined as follows
Where C a is the channel assigned to AP a , Ch b is the channel assigned to AP b and c is the non-overlapping portion of two adjacent channels, expressed as a fraction of the frequency spectrum of channel. For instance, channel 1 and channel 2 do not overlap from 2.401 GHz to 2.406 GHz, as shown in Fig. 1 . Normalizing the overlap of 5 MHz over the spectrum of 23 MHz, c is equal to 1/5 approximately. When the channels are far apart, as is the case with channels 1 and 6, w ab = 0 (i.e., no interference). When the two channels are the same, Ch a -Ch b = 0, Eqn 1 suggests that w ab = 1 (i.e., maximum interference).
Therefore, channels should be assigned to APs such that overlapping channel interference is minimized. On the other hand, for channels 1 and 6, | Ch a -Ch b | = 5, w ab = 0, suggesting no interference. Mindful that we only have limited channel resources (11 channels in IEEE 802.11 b/g), some channels need to be "recycled." If the same channel is to be assigned to two or more APs which are located far enough from each others, the overlapping channel interference signal detected by each AP should be less than a given threshold.
CHANNEL ASSIGNMENT MODEL
Here, we will present a new channel assignment model and algorithm for IEEE 802.11 WLAN systems. Channels should be assigned to each AP in such a way to maximize the throughput of network at user level, rather than to minimize interference among APs. The algorithm in [5] deals with distributing the load more efficiently among APs by reassigning users to different APs by switching users to the Least Congested AP (LCAP). By distributing user on APs, the network channels will be utilized more efficiently which results the higher throughput. We consider a WLAN consisting of M APs situated in an indoor single-floor service area [10] . A set of randomly distributed N users are to be served by these APs. Our algorithm is initiated by balancing the load on each AP on basis of the users assignment at least congested AP [6] . Each user in network can access the number of APs but a user is assigned to one and only one AP at any time. When a user is having the access of more than one AP then the user [13] can check the traffic on available APs and can associate with any of the available AP.
Range Set of User
For each user we define its range set [7] as the set of all APs such that the user lies within the communication range of each such AP, regardless of the current channel of operation of the APs. In Figure 2 , the range set for U4 is (AP1 and AP3) and for U7 is (AP2 and AP3). Note that a user can compute its range set empirically by monitoring APs in its vicinity and has to associate to one of such APs to obtain network service.
3.2
Interference Set of User The range set of users captures some of the interference [7] experienced by the users, but does not capture the total interference observed by the user-AP link. A user can suffer additional interference from users of other APs, if the user is within the transmission range of such users. Note that if the client is within the transmission range of such an AP, then the AP will be in the range set. On the other hand, if the client is outside the transmission range of such an AP, the latter becomes a part of the interference set. In real time user join or leaves network regularly, results traffic on APs is increases or decreases so user can switch from one channel to another available channel. User switches decreases the network traffic [12] which gives the efficient channel management and also increases the overall performance of network. 
Channel

CHANNEL MANAGEMENT ALGORITHM
I. Assign channels to the N APs based on the NLIP model proposed in reference [6] which is based on minimizing the total interference between APs. II. Input the users in network. III. Perform load balancing based on user's traffic. IV. Compute the network traffic as the user enters or leaves the network. V. Switch users between APs to manage traffic on channels. VI. Compute the network traffic after a time slice and go back to step 4.
The above algorithm firstly assigns the non-overlapping channels to the N APs and User Load balancing on APs is done by checking users on each AP. The user and AP association in network is not fixed because the user enters or leaves the network. This algorithm can ensure efficient operation of a WLAN as the user enters or leaves in network [11] . To test this hypothesis, a simulation is run continuously in the network and it manages the traffic on channels. Users load [14] on different APs is managed by switching users to the other available AP which is in the Range Set of user thus manages the channels.
ALGORITHM RESULTS
The simulations were carried out with service areas consisting of 4 APs and 10, 15, 20, 25, 30, 40 and 50 users, respectively, forming a WLAN. As the new user enters in the network it associates with the AP which is in the Range Set of user and having least congested (LCAP). Initial assignment of channels to various APs is fixed. We have shown the simulation results at different time intervals and with moving user in the network.
Simulation Scenario 1
In Scenario 1, we have 5 APs and 5 users. Figure 3 (a) shows the initial association of the users with different APs on the basis of the range set of users given in the right side of the table. Figure  3(b) shows the final result of the user distribution on APs after running our algorithm. If we look closer to the range set of the users we will notice that the user having range of more than one AP can associate to either AP on particular channel which is assigned to the AP.
Range Set
Range Set of U1 (AP1, AP2) Range Set of U2 (AP1, AP2,AP5) Range Set of U3 (AP4,AP2,AP1) Range Set of U4 (AP1,AP2,AP3) In the above figures we have shown the comparison of the initial user distribution on APs and distribution of users after running our algorithm. We notice that the two users are switched from AP1 to AP2 thus managing the load on respective channels. Our algorithm runs for each user in network to check best possible association with AP which leads to better load distribution and channel management.
Simulation Scenario 2
In Scenario 2, we have 5 APs and 15 users. Figure 4 (b) shows the final result of the user distribution on APs after running our algorithm.
Range Set
Range From the above result we again notice the improvement in the user traffic by distributing load on different APs. Users of AP1 and AP3 are switched to AP2 and AP5 respectively.
Simulation Scenario 3
In Scenario 3, finally we apply our algorithm on 5 APs and 20 users. This time we have increased the users in network and Comparison results are recorded in figure 5 (b) . In this case our algorithm gives the best results from all above scenarios by equally distributing user on different APs.
Range Set
Range We can notice from the above scenarios that our algorithm results are better and efficient in distributing users on different APs. In all scenarios our algorithm shows the significant improvement of load distribution and efficient channel management.
CONCLUSION
In this paper, a channel management algorithm has been proposed based on maximizing the channel efficiency and network throughput. Proposed algorithm extends the research to control the network traffic by applying load balancing with moving users in network. Switching of users in network is done after a time slice to manage the load on channels. Table 1 shows the results of various scenarios before and after implementation of the algorithm. The proposed algorithm shows the better results as compared to previous work where users and AP association is fixed. The problem discussed in this paper is developed for research development purposes and also applicable for real-time applications. In future research we can extend our work for outdoor WLAN network. 
SIMULATION RESULTS USER TRAFFIC ON DIFFERENT
